Introduction {#S0001}
============

Globally, suicide is a leading public health problem, accounting for 1.4% of the global mortality in 2008.[@CIT0001] In China, national survey shows suicide was the fifth leading cause of death,[@CIT0002] and the prevention of suicide is an important public health strategy.[@CIT0003] Suicidal behavior, which including suicidal ideation (SI), suicide plan, suicide attempt, and completed suicide (CS).[@CIT0004],[@CIT0005] CS is a major risk among patients with major depressive disorder (MDD), where 3.8% of females and 6.7% of males die via suicide.[@CIT0006] Although the fact that CS is a preventable outcome, this phenomenon is limited understood because it is difficult to attain adequate information on deaths by suicide. Considering SI may be a major predictor of the CS among MDD patients[@CIT0007] and suicide completers with MDD usually had SI,[@CIT0008] thus much of the research associated with suicidal behavior pays attention to SI among MDD.

Risk factors for SI specific to MDD include vocational/employment and marital status,[@CIT0009],[@CIT0010] gender,[@CIT0011]--[@CIT0014] age at onset,[@CIT0015] depression severity,[@CIT0009],[@CIT0011],[@CIT0015],[@CIT0016] comorbidity with other mental disorder[@CIT0017] and lower hypothalamic-pituitary-thyroid (HPT) axis activity.[@CIT0018] Several studies have explored the prevalence of SI in patients with MDD, the prevalence ranged from 18.0% to 58.0%.[@CIT0013],[@CIT0019] A recent meta-analysis indicates that the pooled lifetime prevalence of SI was 53.1% and one-month prevalence of SI was 27.5% among MDD in China.[@CIT0020]

We found two limits in the previous studies of identifying risk factors for SI among MDD patients. First, most of the data analysis SI, risk factors are discovered using either univariate association or multivariate analyses methods. The above methods, do not guarantee predictive optimality and do not guarantee parsimony in a data analysis-independent manner.[@CIT0021] The best way to effectively integrate these variables is an open question. Machine learning can be employed for the prediction of later clinical outcomes via combining multiple pieces of information from different domains in an effective way and allowing the identification of the most predictive factors. Secondly, most studies explore SI through strict inclusion and exclusion criteria. Limited studies have explored SI based on real-world data.

In sum, the main purpose of the current research was to establish a clinically useful predictive model to determine individual MDD patients' likely to have a SI as possible as early (at admission). Easily accessible data (demographic, clinical, and biological variables) were collected at admission and used to achieve our objective.

Methods {#S0002}
=======

Data Source and Study Population {#S0002-S2001}
--------------------------------

The Ethics Committee of the West China Hospital, Sichuan University approved the research. Institute review board (IRB) did not require informed consent from patients. Because this is a retrospective study and we did not use any identifying information of the patient. We keep patient information confidential. And the treatment complies with the Helsinki Declaration. The protection and treatment of patient data in my research comply with the Helsinki Declaration. We used the Medical Record System from West China Hospital of Sichuan University. The database includes claims for inpatient and outpatient diagnoses. In this study, depression was defined as a recorded discharge diagnosis according to the International Classification of Disease, Tenth Revision (ICD-10, Clinical Modification Codes F32 and F33). And we only included people who completed the evaluation of Hamilton Depressive Rating Scale (HAMD), Hamilton Anxiety Rating Scale (HAMA), and the HPT-axis at admission. Patients with a recorded diagnosis of another mental disorder and those with physical diseases were excluded. [Figure 1](#F0001){ref-type="fig"} shows the process of data extraction. Figure 1The process of data extraction.

Measures {#S0002-S2002}
--------

In this study 17-item HAMD and 14-item HAMA were employed. HAMD item 3 was used to assess SI. This item has the following alternative statements: 0=absent, 1=feels life is not worth living, 2=any thoughts of possible death of herself/himself, 3=suicide ideation/suicide gesture, and 4=attempts at suicide. In this research, we defined someone had SI via a score of ≥3 on HAMD item.[@CIT0022],[@CIT0023] In other words, if a patient had scores of 3 or 4 on HAMD item3 he/she would classify into a group with SI, patients with lower scores being allocated into group without SI.

Statistical Analysis {#S0002-S2003}
--------------------

A machine learning algorithm (neural network) and descriptive data analysis were implemented in R 3.60 for Windows. A machine learning approach (neural network) was used to identify the most predictive of SI. Neural network is used for supervised learning problems where we use the training data (with multiple features) Xi to predict a target variable Yi. Specifically, we split data into training (75%) and test (25%) datasets and preserved the proportion of the categories in Y variable. The training dataset was used to build a neural network model, and randomly performed the model with 10-fold cross-training, repeated 3 times and validation to find out the optimal parameters. Meanwhile, since the number of categories is imbalanced (with IS/without SI=319/1597), the downsampling method was also used in the training model. The final-trained model is then used to predict the Y in the testing dataset by looking only X values of the testing dataset.

Results {#S0003}
=======

Prevalence of SI in the Patients {#S0003-S2001}
--------------------------------

A total of 1916 MDD patients, comprising 1325 (69.2%) female and 591 (30.8%) male patients, ranging from 18 to 70 years old (45.2±15.4). The prevalence of SI was 16.7% (319/1916) in patients with MDD. The basic characteristics at admission are shown in [Table 1](#T0001){ref-type="table"}. Table 1Basic Characteristics Between the Patients with SI and Without SIVariablesWithout SIWith SIGender Male52493 Female1127250Age45.03±16.0439.15±15.55Marital Status Married1222217 Never married30196 Divorced7925 Widowed495Vocational status Professional skill worker475 Self-employment4511 Worker8517 National civil servant9821 Farmer23946 Business management346 Retirement20819 Unemployed15641 Active serviceman42 Student11932 Staff11530 Doctor and nurse12023 Freelancers22147 No response10619Ethnicity Han1425301 Zang13211 Other407HAMD_total23.81±9.7631.55±8.90HAMA_total16.24±7.6518.42±7.80Thyrotropin stimulating hormone (TSH)2.62±3.192.72±3.54Triiodothyronine1.57±0.401.52±0.28Free triiodothyronine (FT3)4.46±1.424.39±0.72Thyroxine92.69±18.4190.50±18.11Free thyroxine (FT4)16.10±3.2016.03±2.79

Distinguishing SI from Non-SI {#S0003-S2002}
-----------------------------

The machine learning of neutral network identified 1354 out of 1916 as either SI or non-SI and this translated into 70.08% accuracy (70.68% sensitivity and 67.09% specificity). The neutral network receiver operating characteristic (ROC) curve and the "confusion matrix", which were used in calculating the sensitivity (70.68%), specificity (67.09%), and area under ROC curve values (0.74), are shown in [Figures 2](#F0002){ref-type="fig"} and [3](#F0003){ref-type="fig"}, respectively. The most relevant predictor variables in determining SI from non-SI that were assigned positive weighting or coefficients factors via neutral network suggesting an increase in SI included: 1) FT4, 2) HAMD_total, 3) vocational status (professional skill worker), 4) FT3. [Figure 4](#F0004){ref-type="fig"} demonstrates predictor variables with corresponding weighting factors. Figure 2Neural network performance in identifying individual SI from non-SI among MDD.Figure 3The AUCs for distinguishing SI from non-SI.Figure 4Bar graph showing "feature importance" in distinguishing SI from non-SI.

Discussion {#S0004}
==========

Prevalence Rate of SI Among MDD {#S0004-S2001}
-------------------------------

The prevalence rate of SI among MDD was 16.7%, which was significantly higher than in the Chinese general population (3.1%).[@CIT0024] This result indicating that the prevalence of SI in Chinese patients with MDD is high. However, the reported prevalence rate of SI among MDD patients is highly inconsistent, ranging from 11% to 63%.[@CIT0017],[@CIT0025] The substantial variability of prevalence rates could be accounted for assessment methods applied (e.g. HAMD item3, Columbia Classification Algorithm of Suicide Assessment and the Scale for Suicide Ideation)[@CIT0017],[@CIT0026] and the level of the treatment setting (e.g. patients in psychiatric settings and in primary care).[@CIT0027]

Risk Factors of SI Among MDD {#S0004-S2002}
----------------------------

Dysregulation of HPT axis has been done to research the neurobiological association of suicidal behaviour. Our results suggest that serum FT4 and FT3 levels among SI with MDD were significantly lower than those among non-SI, and these results are consistent with those of previous studies.[@CIT0018],[@CIT0028] Why FT3 and FT4 are related to SI? The dysregulation of serotonergic has been widely studied in adults and has been postulated as a biological marker for suicide.[@CIT0029]--[@CIT0032] Serotonin regulates growth and maturation of some cerebral regions (e.g. hippocampal neurogenesis) in the developing brain,[@CIT0033]--[@CIT0035] and it influences secretion of TSH and thyrotropin-releasing hormone (TRH). Jokinen's study found that depressive subjects with SI or suicide attempt showed a declined TSH response to morning administration of TRH.[@CIT0036] Thus, a deficit in central TRH function in suicide attempters could result in an impaired TSH resynthesise, explaining why FT4[@CIT0018] and FT3 are decreased.[@CIT0037],[@CIT0038]

Previous studies have explored the relationship at group level between depressive symptom severity and SI among MDD. Consistent with previous studies, the severity of depressive symptoms has a robust association with SI.[@CIT0023] Lim found that patients who had high MADRS score (Montgomery-Asberg Depression Rating Scale, MADRS) had increased odds (adjusted OR=1.11, 95% CI: 1.07--1.15) of being in the high suicidality group.[@CIT0009] A recent meta-analysis of 166 studies published from 1971 to 2014 found that depressive symptoms (OR=2.99, 95% CI: 1.97--4.55) were major predictors of SI.[@CIT0039]

In the previous epidemiological and clinical researches, vocational status in SI among MDD have been extensively revealed at group level. And there is accumulating evidence that risk of suicide is increased in medically related professions. Studies in different countries have suggested that suicide risk is elevated in doctors.[@CIT0040]--[@CIT0043] But not all studies have found that suicide risk is elevated in nurse.[@CIT0043]--[@CIT0046] Why there is not a risk of suicide in doctors and nurses in China? Almost 70% doctors work more than 50 hrs per week in hospital in China[@CIT0047] and working long hours are more prone to have a depression. The results of the survey of the Chinese Medical Doctor Association (CMDA) suggested that 64.9% doctors showed sign of depression in Shanghai, China.[@CIT0048] However, Chinese are always conservative, and Chinese doctors and nurses are more often ashamed to treat their own mental illness.[@CIT0049],[@CIT0050] In general, medical-related professions think that seeking treatment of mental illness for themselves may subject to stigma, shame, or worse.[@CIT0051] Thus, we did not find medical-related professions as a risk factor for suicidal ideation.

Clinical Implications {#S0004-S2003}
---------------------

We have identified utility clinical models. And our models offer information about the most important variables (FT3, FT4, the severity of depressive symptom and work status) to distinguish SI at admission. Thus, enabling a more efficient assessment process of SI among MDD as possible as early during hospitalization. These results suggest that psychiatrists should pay attention to certain types of MDD (low FT3, low FT4, depressive symptoms are more serious and engaged in medical-related work) patients to reduce the likelihood of suicide behaviour in such patients.

Strengths and Limitations {#S0004-S2004}
-------------------------

The current research has some potential strengths, including 1) integrating information from demographic, clinical, and biological variables, 2) focusing on distinguishing SI among MDD patients at admission, and 3) testing models for individual-level classification via machine learning. However, there are some limitations in the study: 1) our patients from a specific western hospital might limit the generalizability of our results, and 2) the data of SI were collected through use of HAMD item 3 rather than structured specific SI instrument. Thus, the severity of SI assessed is not sufficiently systematic and reliable. Therefore, replications based on structured specific SI instrument are also needed. 3) the duration of untreated depression may have a fundamental impact on the clinical outcomes of depressed patients with a shorter duration of untreated depression which is linked with unfavourable outcomes in depressed individuals, including depression-related disability (e.g. suicidal ideation, CS). Future studies should consider this variable when exploring the SI with MDD.[@CIT0052] 4) we did not distinguish between those with single and recurrent illness episodes and future studies can clarify this problem.

Conclusion {#S0005}
==========

In conclusion, we suggested that SI among MDD patients can be predicted using machine learning approach at the time of admission. And several of the most relevant variables (e.g. FT4, HAMD_total, vocational status, and FT3) revealed in the current study.
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